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ABSTRACT : PURPOSE: To realize a traction control(TRC) suitable for general electric vehicles. 

CONSTITUTION: When the angular acceleration © r of drive wheel exceeds a threshold 
value 6> 1r (314), a torque command is subjected to feedback correction using a torque 
command correction value AT r containing a term of angular acceleration Or multiplied by 
a feedback gain G 1r . Gripping of pavement by the driving wheel is detected (31 4) by 
comparing the angular acceleration oo r with a threshold value Temporary drop of the 
angular acceleration co r due to returning of the drive wheel from a slippery pavement to a 
normal pavement is detected (314) by comparing the angular acceleration o) r with a 
threshold value o)3 r . The threshold values G> 1r -G)3 r and the feedback gains G 1r , G 2r are 
set (310) depending on the opening of accelerator VA and the wheel speed V r of drive 
wheel. The coefficients for determining the threshold values and the feedback gains are 
altered (304-308) depending on the fact whether the r.p.m of motor N r exceeded a base 
r.p.m. NB r or not. 
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♦ NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The step which opts for a torque command in the electric vehicle accelerated according to the demand from a pilot 
according to the ratio of the acceleration to the torque command in which the maximum output is possible demanded, The step 
which determines an angular-acceleration threshold according to the acceleration demanded, and the angular acceleration of a 
driving wheel Direct or the step which carries out indirect detection, The step which judges whether the driving wheel has 
slipped by comparing the detection value of angular acceleration with an angular-velocity threshold, The control approach of the 
drive motor for electric vehicles characterized by having the step which carries out feedback amendment of the torque 
command when judged with having slipped, and the step which controls the output torque of the drive motor for electric vehicles 
based on a torque command. 

[Claim 2] The step which opts for a torque command in the electric vehicle accelerated according to the demand from a pilot 
according to the ratio of the acceleration to the torque command in which the maximum output is possible demanded, The step 
which determines feedback gain according to the acceleration demanded, The step which judges whether direct or the step 
which carries out indirect detection, and the driving wheel have slipped the angular acceleration of a driving wheel, By adding or 
subtracting feedback torque including the term which multiplied the detection value of angular acceleration by feedback gain, 
when judged with having slipped The control approach of the drive motor for electric vehicles characterized by having the step 
which carries out feedback amendment of the torque command, and the step which controls the output torque of the drive 
motor for electric vehicles based on a torque command. 

[Claim 3] In the electric vehicle with which the angular-velocity rate of change of the driving wheel which shows the boundary of 
whether the slip is generated in the driving wheel runs the road surface depending on the angular velocity of a driving wheel The 
step which opts for a torque command, and the angular velocity and angular acceleration of a driving wheel Direct or the step 
which carries out indirect detection, The step which determines an angular-acceleration threshold according to the detection 

- value of angular velocity, and the step which judges whether the driving wheel has slipped by comparing the detection value of 
angular acceleration with an angular-velocity threshold, The control approach of the drive motor for electric vehicles 
characterized by having the step which carries out feedback amendment of the torque command when judged with having 

- slipped, and the step which controls the output torque of the drive motor for electric vehicles based on a torque command. 
[Claim 4] In the electric vehicle with which the angular-velocity rate of change of the driving wheel which shows the boundary of 
whether the slip is generated in the driving wheel runs the road surface depending on the angular velocity of a driving wheel The 
step which opts for a torque command, and the angular velocity and angular acceleration of a driving wheel Direct or the step 
which carries out indirect detection, The step which determines feedback gain according to the detection value of angular 
velocity, By adding or subtracting the step which judges whether the driving wheel has slipped, and the feedback torque which 
includes the term which multiplied the detection value of angular acceleration by feedback gain when judged with having slipped 
The control approach of the drive motor for electric vehicles characterized by having the step which carries out feedback 
amendment of the torque command, and the step which controls the output torque of the drive motor for electric vehicles based 
on a torque command. 

[Claim 5] The control approach of the drive motor for electric vehicles characterized by having the step which opts for a torque 
command according to the rotational frequency of the drive motor for electric vehicles, and the step which carries out a 
modification setup of direct or the step which carries out indirect detection, and an angular-acceleration threshold or feedback 
gain for the rotational frequency of the drive motor for electric vehicles according to the detection value of a rotational 
frequency in the control approach according to claim 1 to 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About the control approach which controls the output torque of the drive motor for electric vehicles, this 
invention relates to the traction control (TRC) which corrects this, when especially a slip (skid) of a driving wheel is detected. 
[0002] 

[Description of the Prior Art] The fork lift truck which has a TRC function is indicated by JP.2-299402.A and JP,3-27701,A. In 
this fork lift truck, according to actuation of an accelerator lever, Current iM is supplied to a car drive motor, and, thereby, 
torque tauR occurs in a car drive motor. Moreover, the motor current iM which should be supplied is determined that required 
torque tauR will occur according to a current pair torque characteristic table. 

[0003] After detecting that the slip was first generated in the driving wheel generally in TRC, it is necessary to perform 
predetermined torque feedback processing. Moreover, a slip of a driving wheel is detectable by detecting changing the rate of a 
driving wheel sharply compared with the acceleration-and-deceleration demand from a pilot (or the acceleration of a driving 
wheel being large). In an above-mentioned official report, since the output torque of a motor is controlled for the purpose of 
tauR, the judgment of slip existence can be performed based on the deflection of actual output-torque tauM to control- 
objectives tauR. That is, it is the following formula [several 1] about acceleration dN/dt which should presume actual output- 
torque tauM and then should be essentially generated in this output-torque tauM by referring to a current pair torque 
characteristic table with the detection value iM of a motor current first 
dN 

— - K ( r M - r R ) 

It is alike, and follows and presumes. Acceleration dn/dt actually produced on the other hand based on the rate of a driving 
wheel or the detection value of the motor rotational frequency n is calculated, and a slip is suitably detectable, if it is made for 
actual acceleration dn/dt to consider that the rotational frequency n of a motor, i.e., the rate of a driving wheel, is changed 
sharply when large compared with acceleration dN/dt which should be generated essentially. If the motor current iM is reduced 
when a slip is detected (torque feedback), a driving wheel will grip a road surface again at a certain time, and a slip will be 
canceled. 
[0004] 

[Problem(s) to be Solved by the Invention] However, above-mentioned TRC is difficult to carry out extended application in the 
common electric vehicle which can apply only to the electric rolling stock with which the application which the range of a torque 
control is limit comparatively, and does not need to take change of the slip criterion at a rotational frequency ( or wheel speed) 
into consideration was limited, but runs a city area and others, when fill the request about the acceleration engine performance 
of a car. 

[0005] First, since there is need, such as climb way transit and highway transit in the case of the usual electric vehicle, 
according to the acceleration demand from a pilot it is necessary to cover the large range and to more specifically carry out 
adjustable control of the output torque according to accelerator opening. Moreover, it is necessary to carry out high-speed 
rotation of the motor if needed. Therefore, in control of a motor, the control objectives (torque command) of an output torque 
are determined according to an engine-speed pair torque characteristic table as shown, for example in drawing 9 . 
[0006] the continuous line and broken line in drawing — each — the field where the motor engine speed N is lower than the 
base engine speed NB — output-torque = — the fixed straight line is drawn and the product (output power) of an output torque 
and an engine speed N is drawing the fixed curve in the high field. Furthermore, a continuous line is used when accelerator 
opening is 100% (i.e., when the pilot is demanding the maximum acceleration), and a broken line is used when accelerator opening 
is 50% or 20%. That is, it opts for a torque command referring to the table of drawing 9 in the motor engine speed N and 
accelerator opening, or by dividing the result proportionally with reference to an accelerator opening =100% table at the motor 
engine speed N at accelerator opening. If an output torque is controlled according to such a property, not only flat way transit 
but climb way transit etc. will be attained, and high-speed transit etc. will be attained. 

[0007] If it is applying the approach of a publication to an above-mentioned official report, and performing TRC to the electric 
vehicle which performs a torque control according to such the control characteristic, it will become difficult to control the 
difference of the rate of a driving wheel and the rate of a car body, i.e., to reduce the effect of a slip to a steering. This is 
premised on electric rolling stock [ like a fork lift truck ] for premises whose approach is as a result above-mentioned flat way 
transit and above-mentioned low speed constant-speed transit, and is because the slip judging was performed on the criteria 
same irrespective of change of accelerator opening or the motor rotational frequency N (or wheel speed of a driving wheel) and 
torque feedback has been performed [ taking into consideration neither climb way transit nor highway transit therefore ] by the 
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same technique again. 

[0008] Moreover, generally, as shown in drawing 10 , it depends on wheel speed v for the threshold it can consider that 
generated the slip on wheel speed rate-of-change dv/dt or rotational frequency rate-of-change dn/dt Since the premise of the 
yard transit is carried out to the above-mentioned official report by the approach of a publication, it does not go into 
consideration primarily that wheel speed v continues and changes to the large range, therefore it cannot cope with change of the 
slip generating situation by wheel speed v. 

[0009] This invention is made considering solving such a trouble as a technical problem, and aims at offering TRC applicable to a 

common electric vehicle by improvement of the slip judging approach and the torque feedback approach. 

[0010] 

[Means for Solving the Problem] In order to attain such a purpose, the 1st configuration of this invention The step which opts 
for a torque command in the electric vehicle accelerated according to the demand from a pilot according to the ratio of the 
acceleration to the torque command in which the maximum output is possible demanded, The step which determines an angular- 
acceleration threshold according to the acceleration demanded, and the angular acceleration of a driving wheel Direct or the 
step which carries out indirect detection, The step which judges whether the driving wheel has slipped by comparing the 
detection value of angular acceleration with an angular-velocity threshold, It is characterized by having the step which carries 
out feedback amendment of the torque command when judged with having slipped, and the step which controls the output 
torque of the drive motor for electric vehicles based on a torque command. 

[001 1] In the electric vehicle which accelerates the 2nd configuration of this invention according to the demand from a pilot The 
step which opts for a torque command according to the ratio of the acceleration to the torque command in which the maximum 
output is possible demanded, The step which determines feedback gain according to the acceleration demanded, The step which 
judges whether direct or the step which carries out indirect detection, and the driving wheel have slipped the angular 
acceleration of a driving wheel, By adding or subtracting feedback torque including the term which multiplied the detection value 
of angular acceleration by feedback gain, when judged with having slipped It is characterized by having the step which carries out 
feedback amendment of the torque command, and the step which controls the output torque of the drive motor for electric 
vehicles based on a torque command. 

[0012] In the electric vehicle with which the angular-velocity rate of change of the driving wheel which shows the boundary of 
whether the slip has generated the 3rd configuration of this invention in the driving wheel runs the road surface depending on 
the angular velocity of a driving wheel The step which opts for a torque command, and the angular velocity and angular 
acceleration of a driving wheel Direct or the step which carries out indirect detection, The step which determines an angular- 
acceleration threshold according to the detection value of angular velocity, and the step which judges whether the driving wheel 
has slipped by comparing the detection value of angular acceleration with an angular-velocity threshold, It is characterized by 
having the step which carries out feedback amendment of the torque command when judged with having slipped, and the step 
which controls the output torque of the drive motor for electric vehicles based on a torque command. 

[0013] In the electric vehicle with which the angular-velocity rate of change of the driving wheel which shows the boundary of 
whether the slip has generated the 4th configuration of this invention in the driving wheel runs the road surface depending on 
the angular velocity of a driving wheel The step which determines feedback gain for the angular velocity and angular acceleration 
of a driving wheel as direct or the step which carries out indirect detection according to the detection value of angular velocity, 
By adding or subtracting the step which judges whether the driving wheel has slipped, and the feedback torque which includes 
the term which multiplied the detection value of angular acceleration by feedback gain when judged with having slipped It is 
characterized by having the step which carries out feedback amendment of the torque command, and the step which controls 
the output torque of the drive motor for electric vehicles based on a torque command. 

[0014] Each configuration of this invention is characterized by having further the step which opts for a torque command 
according to the rotational frequency of the drive motor for electric vehicles, and the step which carries out a modification 
setup of direct or the step which carries out indirect detection, and an angular-acceleration threshold or feedback gain for the 
rotational frequency of the drive motor for electric vehicles according to the detection value of a rotational frequency. 
[0015] 

[Function] In the 1st configuration of this invention, an angular-acceleration threshold is first determined according to 
accelerator opening, corresponding to the ratio of the acceleration to the torque command in which the maximum output is 
possible demanded. The detection value of the angular acceleration of a driving wheel is compared with this angular-velocity 
threshold. When the driving wheel has slipped, since the angular velocity of a driving wheel is changed sharply, the angular 
acceleration of a driving wheel becomes large. Therefore, the existence of a slip can be judged by carrying out the threshold 
judging of the detection value of the angular acceleration of a driving wheel. When judged with having slipped, feedback 
amendment of the torque command is carried out according to the detection value of the angular acceleration of a driving wheel. 
By performing this feedback amendment suitably, a slip of a driving wheel is controlled thru/or canceled and a driving wheel grips 
a road surface again. Moreover, since the angular-acceleration threshold is determined according to the ratio of the acceleration 
to the torque command in which the maximum output is possible demanded, even if it is the case where a motor is controlled 
according to the property that torque value changes according to the ratio of the acceleration to the torque command in which 
the maximum output is possible demanded, a slip can detect using the angular-acceleration threshold which was adapted for the 
ratio concerned, therefore a slip is controlled thru/or canceled suitably. 

[0016] In the 2nd configuration of this invention, according to the ratio of the acceleration to the torque command in which the 
maximum output is possible demanded, feedback gain is determined first, and it is judged whether next the driving wheel has 
slipped. When judged with having slipped, feedback amendment of the torque command is carried out according to the detection 
value of the angular acceleration of a driving wheel. By performing this feedback amendment suitably, a slip of a driving wheel is 
controlled thru/or canceled and a driving wheel grips a road surface again. Moreover, the detection value of angular acceleration 
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is multiplied by the feedback gain determined according to the ratio of the acceleration to the torque command in which the 
maximum output is possible demanded. By adding or subtracting the feedback torque which, as a result, includes a slack 
feedback correction term Since feedback amendment of a torque command is performed, even if it is the case where a motor is 
controlled according to the property that torque value changes according to the ratio of the acceleration to the torque command 
in which the maximum output is possible demanded Feedback amendment of the amount which was adapted for the ratio 
concerned can be performed to a torque command, and a slip is controlled thru/or canceled suitably. 
[0017] In the 3rd configuration of this invention, an angular-acceleration threshold is determined according to the angular 
velocity of a driving wheel. Then, processing is performed in the same procedure as the 1st configuration. Therefore, by 
performing the approach concerning this configuration, a slip of a driving wheel is controlled thru/or canceled and a driving wheel 
grips a road surface again. Moreover, since the angular-acceleration threshold is determined according to the angular velocity of 
a driving wheel, even if it is the case where the angular-velocity rate of change of the driving wheel which shows the boundary 
of whether the slip is generated in the driving wheel runs the road surface depending on the angular velocity of a driving wheel, a 
slip can be detected using the angular-acceleration threshold which was adapted for the angular velocity concerned, therefore a 
slip is controlled thru/or canceled suitably. 

[0018] In the 4th configuration of this invention, feedback gain is determined according to the angular velocity of a driving wheel. 
Then, processing is performed in the same procedure as the 2nd configuration. Therefore, by performing the approach 
concerning this configuration, a slip of a driving wheel is controlled thru/or canceled and a driving wheel grips a road surface 
again. Moreover, by multiplying the detection value of angular acceleration by the feedback gain determined according to the 
angular velocity of a driving wheel, and adding or subtracting the feedback torque which, as a result, includes a slack feedback 
correction term Since feedback amendment of a torque command is performed, even if it is the case where the angular-velocity 
rate of change of the driving wheel which shows the boundary of whether the slip is generated in the driving wheel runs the road 
surface depending on the angular velocity of a driving wheel Feedback amendment of the amount which was adapted for the 
angular velocity concerned can be performed to a torque command, and a slip is controlled thru/or canceled suitably. 
[0019] each configuration of this invention — setting — further — the rotational frequency of the drive motor for electric 
vehicles — direct — or indirect detection is carried out. Furthermore, according to the detection value of a rotational frequency, 
a modification setup of an angular-acceleration threshold or the feedback gain is carried out Therefore, since feedback 
amendment of the amount which could detect the slip using the angular-acceleration threshold which was adapted for the 
rotational frequency concerned, or was adapted for the rotational frequency concerned can be performed to a torque command 
even if it is the case where a torque command controls the motor concerned according to the property of changing according to 
the rotational frequency of the drive motor for electric vehicles, a slip is controlled thru/or canceled suitably. 
[0020] 

[Example] Hereafter, the suitable example of this invention is explained based on a drawing. 

[0021] The system configuration of the electric vehicle suitable for carrying out this invention is shown in drawing 1 . The car 10 
shown in this drawing is a car of a rear drive with which front wheels 12r and 121. are used as a coupled driving wheel, and it 
uses rear wheels 14r and 141. as a driving wheel. In addition, suppose at the tail of the sign of the member relevant to right-hand 
side driving wheel 14r that I is given, respectively in the following explanation at the tail of the sign of the member relevant to 
141. of left-hand side driving wheels for r. 

[0022] Motor 16r for car transit or 161. are attached or built in driving wheels 14r and 141., respectively. That is, a car 10 is the 
electric vehicle of a wheel in motor method. Motors 16r and 161. are all three-phase-circuit alternating current motors, and 
receive supply of drive power from the main dc-battery 19 through corresponding inverter 18r or 181. That is, the discharge 
output of the main dc-battery 19 is changed into a three-phase-circuit alternating current from a direct current by inverter 18r 
or 181., and is supplied to motor 16r which is a three-phase-circuit alternating current motor, or 161., respectively. 
[0023] A Motors [ 16r and 161. ] output torque is controlled by the controller 20. That is, a controller 20 is the driving wheels 
[ 14r and 141. ] rate vr by the rotation sensors 22r and 221. attached to Motors 16r and 161., respectively while inputting the 
information about the accelerator opening VA and brake treading strength. And vl It detects and opts for the torque command 
concerning Motors 16r and 161. based on these. In addition, rate vr And rate vl It replaces with and is acceleration omega r. And 
omegal You may make it detect. By controlling the inverters 18r and 1 81. which correspond based on the torque command for 
which it opted, a controller 20 controls the three-phase-circuit alternating current supplied to the motors 16r and 161. 
concerned so that the torque command for which it opted is realized by each motors 16r and 161. 

[0024] The part relevant to TRC is shown in drawing 2 among the internal configurations of a controller 20. The configuration of 
this drawing is constituted from the torque command output sections 30r and 301. by the torque command operation part 24r 
and 241. prepared corresponding to the driving wheels 14r and 141. of each right and left, the TRC control sections 26r and 261., 
Subtracters 28r and 281., and the list. 

[0025] The above-mentioned accelerator opening VA is inputted into the torque command operation part 24r and 241. The 
torque command operation part 24r and 241. determines the torque command Tr or Tl based on the information acquired in 
corresponding rotation sensor 22r besides this accelerator opening VA, or 221., and outputs it to Subtractors 28r and 281. The 
TRC control sections 26r and 261. calculate torque command correction value deltaTr or deltaTI based on the information 
acquired from corresponding rotation sensor 22r or 221., and output this to corresponding subtractor 28r or 281. It sets to 
Subtractors 28r and 281., and is [Equation 2]. 
T r =-T r ~ JT r 

Tl ~ Ti - JTi 

****** i s performed and the torque commands Tr and Tl after the obtained amendment are supplied to corresponding torque 
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command output section 30r or 30I. The torque command output sections 30r and 30I. control the power conversion actuation 
by inverter 18r which corresponds according to this torque command Tr or Tl, or 181. For example, on the power conversion 
actuation in Inverters 18r and 181., and a concrete target, switching operation is controlled to realize as a current whose current 
command which opted for and opted for the current command according to the torque command Tr or Tl is motor 16r or 161. 
[0026] The outline of the control model in this example is shown in drawing 3 . In this drawing, only the control model about 
right-hand side driving wheel 14r is shown. This is because the principle of operation of a controller 20 is [ that on either side 
driving wheels / 14r and 141. / behavior is substantially the same on a control model, and ] a thing based on driving wheel 14r on 
either side and an algorithm with 141. same about each. Then, hereafter, although the control action about right-hand side driving 
wheel 14r is explained chiefly, the same explanation is realized also about 141. of left-hand side driving wheels. 
[0027] As previously explained using drawing 2 , from subtracter 28r, the torque command Tr which received the feedback 
amendment by torque command correction value deltaTr is outputted. This torque command Tr is realized in driving wheel 14r 
through inverter 18r or motor 16r. However, the torque realized serves as a value which reduced the torque by the friction 
reaction force which driving wheel 14r receives from a road surface from the torque equivalent to the torque command Tr. 
Angular-acceleration omega-r of the value which multiplied the torque realized to driving wheel 14r by G/I when it was 
expressing the inertia of driving wheel 14r as I, and expressing gravitational acceleration as g Wheel speed vr which will be 
detected by rotation sensor 22r supposing the attaching position of rotation sensor 22r is in the distance of R from the core of 
driving wheel 14r, since it generates [Equation 3] 
v r = R T r dt 

It becomes. However, Tr in this formula is the value which subtracted the torque by friction reaction force from the torque 
command Tr. The output of rotation sensor 22r is inputted into torque command operation part 24r or TRC control-section 26r 
as mentioned above. 

[0028] The flow of actuation of torque command operation part 24r in this example is shown in drawing 4 . It is the wheel speed 
vr into which torque command operation part 24r inputted wheel speed vr and the accelerator opening VA into first (100), and 
inputted as shown in this drawing. Rotational frequency Nr of motor 16r It changes (102). As transformation in that case, it is 
[Equation 4]. 

60 

N r = ~ X V r 

2 7ZR r 

It is used. Torque command operation part 24r is the obtained engine speed Nr. By referring to a table 200, it is the engine speed 
Nr. The greatest realizable output-torque Tmaxr is determined (104). A table 200 is the engine speed Nr in case the accelerator 
opening VA is 100%. It is the table showing the property of the pair torque command Tr. NBr expresses the base rotational 
frequency of motor 16r among drawing. Torque command operation part 24r is based on the accelerator opening VA inputted at 
maximum torque Tmaxr and step 100 which were obtained in this way, and is the next operation [several 5]. 
T r = T maxr X VA 

It performs and this opts for the torque command Tr (106). The ****** torque command Tr is supplied to torque command 
output section 30r through subtractor 28r as mentioned above. 

[0029] The flow of actuation of TRC control-section 26r in this example is shown in drawing 5 . 

[0030] TRC control-section 26r is the wheel speed vr detected by corresponding rotation sensor 22r. It inputs (300) and is the 
rotational frequency Nr of motor 16r about this. It changes (302). The formula used in the above-mentioned step 102 as 
transformation in that case and the same formula are used. TRC control-section 26r is an engine speed Nr. It compares with the 
base engine speed NBr (304). Multiplier a1 -a3 used for the below-mentioned control according to a comparison result, b1 -b3, 
d -c3, d1 -d3, A1, A2, B1, B-2, C1, C2, D1, and D2 It sets up (306,308). That is, as the control characteristic of motor 16r, a 
property which serves as torque regularity below at the base rotational frequency NBr, and serves as output-power regularity 
above is used as shown in above-mentioned drawing 9 or the table 200 in drawing 4 . Therefore, base rotational frequency NB 
The value of the torque command Tr turns into a different value by the upper and lower sides. Therefore, even if it faces 
performing TRC, it is an engine speed Nr about the angular-velocity threshold for a slip judging, or the value of the feedback gain 
for feedback amendment of the torque command Tr (after-mentioned). It is desirable to switch according to whether to be more 
expensive than the base engine speed NBr or low. Steps 306 and 308 are steps for performing such a change-over, and the 
value for high rotation is set as an above-mentioned multiplier for the value for low rotation in step 308 in step 306, respectively. 

[0031] TRC control-section 26r uses each multiplier set up in step 306 or 308, and is the accelerator opening VA and wheel 
speed vr. It is based and is the following formula [several 6] about angular-velocity threshold omega, 1 r-omega, 3r feedback gain 
Glr, and G2r. 

"iir ■ ai X exp (bi XVA+ c x Xy r +di XVAX v r ) 
Gi r = AiX«xp(BxXVAH-CiXv r +D 1 xVAXv r ) 
i 2r =■• a 2 Xcip(b 2 XVA+c z Xv r + diXVAXv r ) 
&2r ~ A 2 XexptB2XVA+C*Xv r -|-DiXVAXTr r J 
oi 3r = a 3 Xexp ( b 3 XVA+ c a Xv r + d 3 xVAXT r ) 
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It is alike, and follows and determines (310). TRC control-section 26r is the wheel speed vr inputted at step 300 further. The 
following formula [several 7] 
d 

at 

******** angular-acceleration omega-r It changes (312). angular-acceleration omega-r from which TRC control-section 26r 
was obtained by conversion ******** — the comparison test 3r [ angular-acceleration threshold omega, 1 r-omega, and ] used 
is performed (314). 

[0032] Namely, omega-r When >omega and 1r are materialized, TRC control-section 26r is [Equation 8]. 
JT r = G lr (O*! - SR lr ) 

By the ** type, when that is not right, it is [Equation 9]. 
d? r - 0 

A ** type determines torque command correction value deltaTr (316,318). However, even if it is the case of the latter, they are 
omega and 2 r>=omega-r. It is [Equation 10] when materialized. 

JT r G 2 r (*'r ~~ r ) 

According to a ** type, the value of torque command correction value deltatr is determined (320). 

[0033] TRC control-section 26r is omega and 2 r>=omega-r further. Even if it is the case where it is materialized, they are 
omega and 3 r>=omega-r. It is [Equation 11] when materialized. 
JT f - 0 

Torque command correction value deltaTr is determined according to a ** type (322). Subtracter 28r is supplied and torque 
command correction value deltaTr determined by either of steps 316-322 is the torque command Tr. It is fed back. 
[0034] Drawing 6 is the output torque and angular-acceleration omega-r of motor 16r in this example. Behavior is shown. For (a), 
especially (b) is angular-acceleration omega-r about the behavior of an output torque among these drawings. It is drawing 
showing behavior, respectively, and both drawings are drawn about the same time amount. Moreover, (c) is angular-acceleration 
omega-r. It is drawing drawn about the time interval larger than (b) about behavior. 

[0035] First, time-of-day t=t0 When driving wheel 14r usually goes into a detail from a road surface more at a slip road surface, 
it follows on driving wheel 14r slipping, and is [ the car 10 of the example of a smell lever, and ] angular-acceleration omega-r. It 
is omega-r as a result of increasing. The conditions of <omega and 1r are satisfied. Then, torque command correction value 
deltaTr determined at step 316 The feedback amendment to depend is the torque command Tr. Since it is given, it is the torque 
command Tr. It falls gradually. Then, torque command Tr When a value usually becomes sufficiently low compared with the value 
in a road surface, as a result of a road surface's gripping by driving wheel 14r, it is angular-acceleration omega-r. A value also 
turns into a sufficiently small value. This is angular-acceleration omega-r at step 314. It is detected by comparing with angular- 
- acceleration threshold omega and 2r. Namely, omega and 2 r>=omega-r It detects that had having been materialized and the 
driving wheel 14 gripped the road surface. 

[0036] Then, it is torque command correction value deltaTr determined by step 320 while the car 10 was running the slip road 
surface. The condition that feedback amendment to depend is performed to the torque command Tr continues. When driving 
wheel 14r of a car 10 returns to the usual road surface in the condition that such feedback amendment is continuing being 
added, it is angular-acceleration omega-r. A value changes to a temporary still lower value. It sets to step 314 and this change is 
angular-acceleration omega-r. It is detected by comparing with angular-acceleration threshold omega and 3r. Namely, omega and 
3 r> -omega-r When judged, TRC control-section 26r is torque command correction value deltaTr. A value is returned to 0 (step 
322). 

[0037] Thus, according to this example, it is angular-acceleration omega-r. The comparison with angular-acceleration threshold 
omega and 1r detects a slip, and it is the torque command Tr. In order to carry out reduction amendment, it becomes possible to 
grip a road surface at an early stage by driving wheel 14r. Moreover, angular-acceleration omega-r It detects that driving wheel 
14r gripped the road surface by the comparison with angular-acceleration threshold omega and 2r, and is the torque command 
Tr. In order to carry out reduction amendment, driving wheel 14r can hold the condition of gripping the road surface. 
Furthermore, angular-acceleration omega-r Since the comparison with angular-acceleration threshold omega and 3r detected 
that driving wheel 14r usually shifted to the road surface from the slip road surface, it usually follows on the shift to a road 
surface from a slip road surface, and it is the torque command Tr immediately. It can return to the original value. 
[0038] Furthermore, since the value of angular— acceleration threshold omega, 1 r-omega and 3r, feedback gain G1r, and G2r was 
changed in this example according to the value of the accelerator opening VA, It responds to the value of the accelerator 
opening VA, and is the torque command Tr. In spite of controlling motor 16r according to the property that a value changes, a 
road surface is suitably gripped by driving wheel 14r, therefore it is wheel speed vr. A difference with car body speed V can be 
controlled suitably. Moreover, it is the wheel speed vr of driving wheel 14r about these angular-acceleration threshold or 
feedback gain. Angular-acceleration omega-r which can be regarded as the slip being generated since it responds and was made 
to make it change A value is wheel speed vr. It depends, in spite of changing, a road surface is suitably gripped by driving wheel 
14r, and it is wheel speed vr. A difference with car body speed V can be controlled. Moreover, they are the accelerator opening 
VA and wheel speed vr in the formula which determines an angular-acceleration threshold and feedback gain. Since the term 
concerning a product is included, they are the accelerator opening VA and wheel speed vr. The nonlinear behavior produced 
when it changes to coincidence can also be coped with. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran^web_cgLeju 



2006/08/01 



JP,08-182119,A [DETAILED DESCRIPTION] 



6/6 ^— V 



[0039] For example, it sets to this example as shown in drawing 7 (A) - (D), and it is wheel speed vr. Regardless of the 
accelerator opening VA, it is wheel speed vr. The difference of car body speed V can be controlled in and abroad 5%. On the 
other hand, they are the accelerator opening VA and wheel speed vr about an angular-acceleration threshold or the value of 
feedback gain. When it responds, and is made not to change and especially the car 10 is running the slip road surface as shown 
in drawing 8 , it is wheel speed vr. A difference with car body speed V becomes large. Drawing 8 is the result of being obtained 
under the same conditioning as drawing 7 (A). 

[0040] In addition, it sets to this example and is the engine speed Nr of motor 16r. He is trying to switch the value of various 
kinds of multipliers for determining an angular-acceleration threshold and the value of feedback gain according to whether the 
value of the base engine speed NBr was exceeded. For this, the control characteristic of motor 16r is a rotational frequency Nr. 
It responds to it being not a property to which it is not based but fixed torque is made to always output but the property of 
changing torque according to the curve of output regularity especially in a high rotation region. Thereby, according to this 
example, TRC which coped with transit in a high rotation region especially is realizable. 

[0041] Furthermore, in this example, the car 10 is constituted as an electric vehicle of a wheel in motor type. Therefore, even if 
it is the case where it is running a road surface from which coefficient of friction of the part where coefficient of friction and 141. 
of driving wheels of the part where driving wheel 14r has touched have touched differs, a road surface can be gripped every 
[ each driving wheel 14r and ] 141. It is not necessary to perform brake control etc. like the conventional gasoline-powered 
vehicle in that case. 

[0042] in addition — an above-mentioned example — steps 316 and 320 — setting — torque command correction value deltaTr 
the time of calculating — angular-acceleration omega-r from — multiplier SR1r Or SR2r Torque command correction value 
deltaTr from which this is obtained by step 316 or 320 although he is trying to reduce the processing for adjusting a sign — it is 
— SR1r And SR2r A value can be determined suitably in design. 
[0043] 

[Effect of the Invention] By comparing the detection value of the angular acceleration of a driving wheel with the angular- 
acceleration threshold determined according to the ratio of the acceleration to the torque command in which the maximum 
output is possible demanded according to the 1st configuration of this invention, as explained above Since the slip of a driving 
wheel was detected, even if it is the case where a motor is controlled according to the property that torque value changes 
according to the ratio of the acceleration to the torque command in which the maximum output is possible demanded A slip can 
be detected using the angular-acceleration threshold which was adapted for the ratio concerned, therefore a slip can be 
controlled thru/or canceled suitably. 

[0044] When a slip is detected according to the 2nd configuration of this invention, the detection value of the angular 
acceleration of a driving wheel is multiplied by the feedback gain determined according to the ratio of the acceleration to the 
torque command in which the maximum output is possible demanded. In order to carry out feedback amendment of the torque 
command by adding or subtracting the feedback torque which, as a result, includes a slack feedback correction term, Even if it is 
the case where a motor is controlled according to the property that torque value changes according to the ratio of the 
acceleration to the torque command in which the maximum output is possible demanded, feedback amendment of the amount 
which was adapted for the ratio concerned can be performed to a torque command, and a slip can be controlled thru/or 
canceled suitably. 

[0045] Since the slip of a driving wheel was detected by comparing the detection value of the angular acceleration of a driving 
wheel with the angular-acceleration threshold determined according to the angular velocity of a driving wheel according to the 
3rd configuration of this invention, Even if it is the case where, the angular-velocity rate of change of the driving wheel which 
shows the boundary of whether the slip is generated in the driving wheel runs the road surface depending on the angular velocity 
of a driving wheel, a slip can be detected using the angular-acceleration threshold which was adapted for the angular velocity 
concerned, therefore a slip can be controlled thru/or canceled suitably. 

[0046] When a slip is detected according to the 4th configuration of this invention, the detection value of the angular 
acceleration of a driving wheel is multiplied by the feedback gain determined according to the angular velocity of a driving wheel. 
In order to carry out feedback amendment of the torque command by adding or subtracting the feedback torque which, as a 
result, includes a slack feedback correction term, Even if it is the case where the angular-velocity rate of change of the driving 
wheel which shows the boundary of whether the slip is generated in the driving wheel runs the road surface depending on the 
angular velocity of a driving wheel, feedback amendment of the amount which was adapted for the angular velocity concerned 
can be performed to a torque command, and a slip can be controlled thru/or canceled suitably. 

[0047] And in order to carry out a modification setup of an angular-acceleration threshold or the feedback gain according to the 
detection value of the engine speed of a motor according to each configuration of this invention, Even if it is the case where a 
torque command controls the motor concerned according to the property of changing according to the rotational frequency of 
the drive motor for electric vehicles Since feedback amendment of the amount which could detect the slip using the angular- 
acceleration threshold which was adapted for the rotational frequency concerned, or was adapted for the rotational frequency 
concerned can be performed to a torque command, a slip can be controlled thru/or canceled suitably. 



[Translation done.] 



http://www4Jpdl.ncipi.go jp/cgi-bin/tran^web_cgi_eije 



2006/08/01 



JP.08-182119.A [DESCRIPTION OF DRAWINGS] 



1/1 ^— V 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the system configuration of the electric vehicle suitable for carrying out this 
invention. 

[Drawing 2] It is the block diagram showing a part of internal configuration of the controller in this example. 
[Drawing 3] It is drawing on which the control model in this example is drawn about a right-hand side driving wheel. 
[Drawing 4] It is the flow chart which shows the flow of actuation of the torque command operation part in this example. 
[Drawing 5] It is the flow chart which shows the flow of actuation of the TRC control section in this example. 
[Drawing 6] It is drawing showing the behavior of the torque in this example, and angular acceleration, and (c) is drawing showing 
the behavior of angular acceleration when (b) usually shifts the behavior of angular acceleration [ in / for the behavior of torque 
immediately after especially (a) usually shifts to a slip road surface from a road surface / a coincidence point ] to a slip road 
surface from a road surface and further usually returns to a road surface, respectively. 

[Drawing 7] The case where it is drawing showing the effectiveness of this example, and wheel speed and the wheel speed of a 
driving wheel of both (A) are the predetermined values a, and accelerator opening is 100% Both (B) the case where car body 
speed and the wheel speed of a driving wheel are 0, and accelerator opening is 100% Both (D of both (C)) is drawings in which 
car body speed and the wheel speed of a driving wheel are 0 about the case where car body speed and the wheel speed of a 
driving wheel are the predetermined values a, and accelerator opening is 20%, and accelerator opening shows the case where it is 
20%, respectively. 

[Drawing 8] It is drawing showing the actuation at the time of being made not to perform control of this example under the 
condition whose accelerator opening both car body speed and the car body speed of a driving wheel are a, and is 100% about an 
angular-acceleration threshold and feedback gain. 

[Drawing 9] It is drawing showing the rotational frequency pair torque control property generally used in an electric vehicle. 
[Drawing 10] It is drawing showing the wheel speed dependence property of the wheel speed rate of change which a slip 
generates. 

[Description of Notations] 

10 Car, 12R, 12L Coupled Driving Wheel, 14R, 14L. Driving Wheel, 16r, 161. A motor, 18r, 181. An inverter, 19 Main dc-battery, 20 
A controller, 22r, 221. A rotation sensor, 24r, 241. Torque command operation part, 26r, 261. A TRC control section, 28r, 281. A 
subtractor, 30r, 301. Torque command output section, Tr, Tl A torque command, deltaTr, deltaTI Torque command correction 
value, Omega-r Angular-acceleration and omegar Angular velocity, vr Wheel speed, Nr Motor rotational frequency, A NBr base 
engine speed, omega, 1r-omega, and3r An angular-acceleration threshold, Glr, G2r Feedback gain, al -a3, b1 -b3, c1 -c3, d1 - 
d3 Multiplier which determines the multiplier which determines an angular-acceleration threshold, and to determine, A1, A2, B1, 
B-2, C1, C2, D1. and D2 feedback gain. 
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T7^1 0 OCTA^l^T^t^VACI^, 
[R5] 

T r - T fflaxr x VA 



10 

[00 2 9] CO^KW^ttSTRCf 

[0 0 3 0] TRCffl»SK2 6 r tt, »Jfc"t5lHME-fe> 
2 rf3j:oT«ffi$n**ltiSvr £A*?L (3 0 
0) , ^tl^^E-^ 1 6 rCDlHlfeSNr KX«T5 (3 
0 2) o ^<7)^CD^&5£chbTte, ffifiS^^^yyi 0 

m^2 6 rtt, HJ&RNr ^^-AlHlte^NBr tit&L 

(304) , it«e*^«i;T«»<3!)fiB»^ffiffl-r*ff 

10 Ifcai ~a3 , bi ~-b3 , ci — C3 , di ~d3 , 
Ai , A2 , Bi , B2 , Ci , Cz . Di , D2 
£T£ (3 0 6, 3 0 8) o TUtt. M)Z!iCO@9^0 

44»(^t : -— 7)12 o o\z^nx^^<ko\z. ^E — ^ 1 
£*i&o fcL ^-xihiksnb co_hTTh;i/^^ 

20 HAyjy-O (£>fit£, [HJteSNr OI*^- 

!fSL/K XT7^3 0 6M3 0 8H ZK&cfcS&W 
»£^fTT5fc#©X^y:/T&D, X^^^3 0 6H 

&^T\t±m<D&mzi&mmm ©it*^ xr7^3 o 8 

[0031] TRCM»«2 6rH Xf7^3 0 6X 
li3 0 8CTtf$n^lMifflL, *fc7^-fe» 

W«VA^*(iigVr tr*^#, ftJfi«L£V>tta>- lr 
-0>' 3r ^>r-hVN*^/^y-r >Glr&^G2r 

[R6] 



30 



maxr 

£*frU cni:«J:!9hM}|^TrSft£T-5 (10 
6) . »6fthMi^TrU, ffi3fi©<fc<5fc, 
2 8 r ^LT h;i/^fg^ffi^7gB3 0 r \zm&$tlZ> 0 

iir = ai X exp (bi XVA+ «i Xv r +d t XVAX v r ) 

G?i r = AiX«xp(BiXVA+CiXv r +Di*VAX Vr ) 

<*/ 2r a 2 Xexp(b 2 XVA+c 2 Xv r + d l xVAX7 r ) 

G 2r = A 2 XexpCBzXVA+C^Xvy-eDjXVAXTr ) 

fc r a 3 Xexp ( b 3 xVA-h e a Xv r + d 3 ^VAXv r ) 



fcfiE^ftJTr* (3 10) o TRC 



2 6rH $ 

Vr 



«r= — ( v r /R ) 

Q t 

Srffl^TftJniS^co* r \Z%m&Z> (3 12) 0 TRC 
UW&2 6 ^(CcfcO^^n^^JPjiSco- r \Z 

5££*fTT£ (3 14). 
[0 0 3 2] TtttrS, o>' r >o>* lr «SLT^>& 
TRCflfflSB2 6 r « 

[R8] 

^T r = G lr (w x - SR lr ) 



[R7] 



[R9] 



0 



©iCfcAO, h^MiEiATrSftm (3 1 
6, 3 1 8) o ffiU *#cD»^T*oTfe. to ' 2r ^ 

[R10] 

JT r — G 2 r (*'r SR 2 r > 
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(7) 
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©S»C«E^h;^»^liiEflA t rtOi^ftm (3 
2 0) o 

[0 0 3 3] TRC3PJWSB2 6 r tt, $ btC, co * 2r ^ 

CD ' r ^StT^)«^T*0Tt>. CO" Sr^CO' r 7^/$ 

[Sll] 

©a^a^h;^»^*iiEiiAT rsftjg-r* 02 

2) o 7x7^3 1 6-3 2 2©Hi*n*^^J:0*ffia 
ftfc h;i^»^*|jE« A T r te«|p:gg 2 8 r 10 

[0 0 3 4] 06H Z (Dm ffimfc&W 1 6 r 
coffin Ml^^ftSqiaftco • r cp#ftj^£nT^5. 

^n^coi^cD^^, mz (a) nm^h^^cr)#i&^, 

(b) n^juniiSco- r (Dmmz, -en-en^THT* 

(c) ttftjpaaw r cD^SjfcHIU (b) £Dt>E 
[0035] »s*jt = to i:*^t:o$1W© 

#^ftunaiffa)- r tfimxr&iisk* a>- r <a>* i r oo 
ffi^u^^nsie*, ^injiffico' r 

S&ltt&S. ^©CtH Xf7^314iIT, ftJlP 
3I^co* r SrftttHSffil^HiG) ' 2r <h JfcBrT 30 
J:0^ffi$n^)o f&:bt>* co 2r^co* r tfrfLALisfz 

^t^h-DT, maim 4&t&m&ifv y7Lrzz.t& 

[0 0 3 6] *H10^'Jy^BI*tffb 
T^SBIt 2 0l:J;!Jft£SnfchMi 

*KE*«lP*6n«»Ti^ttl8T*iaai o<ommm 4 
3r ttttt-r^iit^cfcotftHi^nso «• 3r 

^co'r tWJt^nfc*^, TRCMTO2 6 r tt, h 
^£»4MiIE«ATr cofit^O^BTT Ut7^3 2 
2) o 

[0037] ^coct^i-, **jfi«^«fcntf, ^*P3iS 

^pltticft*. ftftjjggco' r tAMKLS^ so 



flco* 2 r £<£Jt8N;:£9BfM6l 4 rWMtjf-iJy^ 
LTztztb* Bft*14r^BKyiJyATM«» 

^«»n:t^t§c ^inffigco-r 

ttHfiKL^Mia) * 3r tcotb«5(rJ:0, iiiHr^s 
X 'J y y^ffi^ ZMIS&ffi \zWfs Lfc C t ^ffit^J: 

[0 0 3 8] £btC; #*JiW;:*^Ttt, ftJUn^SL 

^WIcO* Ir-CO* 3r^K 7 — FA y ^ ^-f > G lr & 

.fc-SKUfcifc*, 7^t;«gEVA©«l:«i;Th;^ 
}f<£T r ©«***ft-r*cfc5tti|#tt^ai^-^ 1 6 r 

mmmvr izj&CTmktz&zjzoizLrzrztb. xvy 

fit^ 7 - fa y ^ y > £ s£ * iz t ? -t ;i/ n . 

7^ir;i/BB«vAt*(65ivr i)mmzmt^tzm^\z 
£vz#mj&w*mm\zhttm^ 

[0 0 3 9]«AU M7 (A) - (D) iZ^tlX^ 

ira^^ u # mfr*> 7 ^ - F Ay # y>f > offl * 7 ^ ir 
M^VA^JMft&vr k:*i;T*3EL«c^J:5fcLfc« 

*^*<*«o H8I1 ^7 (A) fcH-a>j|S#«3eT 

[0040] inxT, ^mmm\z^xi(t. =e—^ 1 6 

rcOInJK^Nr W^-Xmm&NBr&m&MX-tzfrSfr 

izfou-Tftmrnm i> t^7^ - fa ^ ^ yw >com 
[0041] *mffim\z&^Tte, ^mi o^ 



(8) 
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4 r&tf 1 4 l»:BB*yUymit^T?*5. 

^> fttttffiKco' r 4^ff»SRlr X«SR2r 

2 oi:«fco»6ft* h;^it^*iEfiiATr omn&m 

&TZ>rz#)<D%im7?$>K), SRlr MSR2r (Dfitt 10 

m&mm-mz&itTz z 

[0 0 4 3] 

[0 0 4 4] *«WOfB2©«rt»CJ:ntf, XVy^tfl 

[0 0 4 5] *58WOtB3CD«|fiK^<fcntf. ^)ISitf>£j 
[0 0 4 6] *ag«©«4<Z)«*^J;ntf, XU7^ 

nvt h)V2*mnx\zffin-rz>z£\zj:r)^ ^)v^m 

^&74~\ i rtv?ffilE'tZ>J:o\ZLrztz&. BSrt&K 
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m»®mmzmi&istzAmmmisZ^fc&m^Ts\ 
[^fficofflWcj:i«^3 

[0 1 ] *^^^^T^cDtCjiT^mMg®j*coi/ 
[0 2 ] JKZ)*Jfi«^frtS3 > h D-5<0rtffi*tofc 
[0 3] CO^ttW^^frt^fWW^^&^WOBIS 

cms] £ <7>HM*y^*3tt*T r c w»«o»fp©» 

[0 6] zv>nmmz&vtz> h)vz?RW$mm&<Dm 
uj£^T0t&d, mz u) ttitBB^e^u^^ 

KB^»ffUfefi«H*^S (b) tt 

(c) 

[0 7] **ttWO3»*S:*-r0T*O, (A) a* 

■fe;HlflE3&*l 0 0 (B) te*#j£;fttf«» 

ll©*ll3i***^0T*0*^7^"fe;VII**U 00% 
(C) «*ff5a&^Kfttto**iiS^* 

(d) tt*#aat/K«ii»a)*iia^*noT*D 

0T&£o 

[0 8 ] ##a&^K»*t(Z)##a^*fc a -e* 0 7 

[09] «»a»*K*^T-*w^*flisn*ia<E 
[010] XU7 y^»*-r**(6a*fl:*©*i&3« 

1 0 1 2 r , 12 1 fflMft. 1 4 r , 14 1 

KUII. 16r, 16 1 =E-^ 18r, 18 1 
-T>A— 19 tytyf'J, 2 0 3>hD-7, 



(9) 



8-182119 
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16 



2 2r, 22 1 HH£-fe>U\ 2 4 r, 24 1 
fe^WiM^ 2 6 r, 26 1 TRCfOTSB, 28r, 
28 1 MS:gg, 3 Or, 30 1 bJltm^&tl^ 
Tr , Ti Ml^Jf^ A Tr , A Ti h)l?m^ 

ffllEfl, CO r ^ttlji^, 0)r Vr fll*fe 

J§, Nr ^[elfegt NBr ^ — XlHj^gC, CO * Ir ~ s " 



CO'3r ftftHSKL Glr, G 2 r 7^HA7 

^y^T>, ai ^-a3 , bi ^-b3 , ci ~C3 , di 

~d 3 ftuaaaEu*^«*»ffi-r**«-r*«», a 

i , A2 , Bi , B2 , Ci , d , Di , — 

ha* y 9 y >f > * ftje-r * «». 
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VA 



26r 
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[04] 
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100- 
102- 

104- 
106- 
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v r , VAA* 



I 



60 

Nr = ~ x v r 



I 



Tmaxr 




Tmajcr: Y » 9 ( ) 



[06] 




CO™ ... 



a » 1 r^j^»g .arc 
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t r c mm® ( *m ) <omn 



306 

_J 



bi~ba» ci-cji 
di— d3» Aii Aa» Bi, B2» 
Ct. C 2 .D. .D, *rffiJH]|£fS© 
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310- 
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3__J 
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ft>! r =a i xezp ( b i xVA+c i X7 r +d i XVAXv r ) 
Q x r =AjXexp (B l XVA+Ci x v r +D» XVAXv r ) 
<w 2 2 Xexp(b 2 XVA+ e 2Xv r +d 2 xVAXv r ) 
G 2 r =A 2 Xexp (B 2 xVA+CzXv r +DiXVAx Vr ) 
o> 3 r =a 3 xexp (b 3 XVA+ e 3 X v r -hd 3 XVAX ▼ r ) 
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